Introduction
Among the main risk factors for the occurrence of chronic noncommunicable diseases (NCD), excess weight can be highlighted, especially as a determinant of cerebrovascular diseases, arterial hypertension and diabetes mellitus 1, 2 . Epidemiological studies suggest that an increase in the prevalence of arterial hypertension and diabetes mellitus is associated with increased body weight 3, 4 however, the importance of abdominal fat in determining cardiovascular and metabolic events should be highlighted 5, 6, 7, 8 .
In this sense, several anthropometric indicators have been proposed to identify the population with the highest risk of cardiovascular events, and the body mass index (BMI) is the most used to evaluate excess weight in epidemiological studies. However, its use has been questioned because it does not distinguish between the accumulation of lean and fat body mass, nor the concentration of peripheral and abdominal fat 9, 10 . In addition, waist circumference (WC) has been used to complement BMI assessment, but this indicator has limitations to adequately estimate body fat distribution, as it does not take height into account; also, taller individuals have a larger waist circumference, but not necessarily a greater accumulation of abdominal fat 11, 12 . Consequently, researchers proposed waistto-height ratio (WHtR) as an alternative to WC 1 . However, due to the high correlation between WC and WHtR, it is unlikely that these two measures would produce different results regarding the association with health outcomes 13 . Due to the limitations of WC, new measures to evaluate abdominal adiposity were proposed to complement BMI, such as "a body shape index" (ABSI), which is based on WC, adjusted for height and BMI. This index was able to adequately predict risk of death from all causes in the USA population, with a better performance than WC. However, the authors emphasized that ABSI's predictive power for all-cause mortality differed among ethnicities, with lower power among Latinos compared to Caucasians and African-Americans 14 .
Regarding morbidity, ABSI was a weak predictor of risk of cardiovascular diseases and metabolic syndrome in Iranian adults 15 and risk of stroke among Spanish men 16 , when compared to WHtR. However, little is known about its association with morbidity and mortality in Brazil 17 , especially in population of older adults, which is rapidly growing in the country, with a high NCD burden 18 . In addition, due to the miscegenation of the Brazilian population 19 , ABSI may have a different performance in terms of understanding the risks of important diseases present in this population.
In this context, this study aimed to evaluate the separate and joint association of indicators of abdominal adiposity (ABSI, WC, WHtR) and BMI with arterial hypertension and diabetes mellitus, in Brazilian older adults.
Methodology

Study population
This is a cross-sectional, household-based study that used data from the Brazilian National Health Survey (PNS), conducted in 2013, with a representative sample of the Brazilian adult population, by the Brazilian Institute of Geography and Statistics (IBGE) and the Ministry of Health. The PNS was approved by the National Committee for Ethics in Research (CONEP) in 2013, regulation number 328,159, and all participants signed an informed consent form 20 .
The sample selection was carried out in three stages, with census tracts, households and residents aged 18 years or over as primary, secondary and tertiary units, respectively. For each selected household, an interview was conducted with one adult aged 18 years or more, who was selected using an equiprobability method among all adults living in the household. The interviews were conducted in more than 64 thousand households (response rate = 94%) 21 . For the present study, participants aged 60 or over who had complete information for all variables of interest were selected, which resulted in a sample of 10,537 older adults (94.3% of the older adults PNS respondents). Data collection was carried out using structured questionnaires and performed at the selected household, along with a physical examination to collect anthropometric measurements. 
Variables and collection procedures
The dependent variables were self-reported arterial hypertension and diabetes mellitus, which were defined by answering the following questions: "Has a doctor ever diagnosed you with arterial hypertension (high blood pressure)?" and "Has a doctor ever diagnosed you with diabetes?". The main exposure variables were anthropometric indices, evaluated by direct measurements. Weight and height were measured according to techniques recommended by the literature, with the participants in light clothing and without shoes. A portable digital scale and a portable stadiometer were used to measure weight and height, respectively, with the individuals in an upright position. WC was measured using a flexible and inelastic tape measure, at the midpoint between the last rib and the iliac crest, with the interviewee standing and at the end of a normal expiration 22 . WHtR was calculated by dividing the waist circumference (cm) by height (cm). BMI was calculated dividing the individual's weight in kilograms by the square of the height in meters. ABSI was calculated using the following formula: WC (m) ÷ (BMI 2/3 × height (m) 1/2 ) 14 .
The potential confounding variables included: age in years (continuous), sex (male and female), self-reported skin color (white and non-white) and education, categorized as low (without education/ basic education), medium (high school) and high (higher education). Health behaviors included smoking (never smoked, ex-smoker and current smoker), alcohol consumption (no consumption, moderate consumption -between 1 and 7 doses/week for women and 1 to 14 doses/week for men, and at-risk consumption -more than 7 doses/week for women and more than 14 doses/week for men) 23 and physical activity in leisure time (active and non-active). Smoking was assessed based on the following questions: "Do you currently smoke any tobacco products?" and "In the past, did you smoke any tobacco products?". Two questions were used to evaluate alcohol consumption: "How many days a week do you usually drink alcohol?" and "In general, on the days you drink, how many doses of alcohol do you consume? (1 serving of alcohol is equivalent to 1 can of beer, 1 glass of wine or 1 dose of rum, whiskey or other distilled alcohol)". Physical activity in leisure time was evaluated based on the answers to questions about frequency and duration. Older adults who did at least 150 minutes of moderate-intensity or 75 minutes of vigorous exercise per week were considered physically active 24 .
Statistical analyses
Rao-Scott test (categorical variables) and Wald test (continuous variables) were used to compare the distribution of all dependent variables for men and women. All variables used in this study were compared between hypertensive and normotensive, diabetic and non-diabetic, using the Rao-Scott test (categorical variables) and Wald test (continuous variables). All anthropometric measurements were converted to Z score using the following equation:
Z score = As no significant interaction between the anthropometric indicators and sex (p < 0.05) was observed, multiple regression analysis results were presented for the whole sample. Logistic regression analysis was used to evaluate the association between arterial hypertension, diabetes mellitus and transformed anthropometric indices (Z score), with estimated odds ratio (OR) and respective 95% confidence intervals (95%CI). To evaluate the association between the anthropometric indicators and the outcomes of interest, the following models were constructed: Model 1: unadjusted model. 
Results
A total of 10,537 individuals participated in this study (66.7% women), with a mean age of 69.8 years (95%CI: 69.5-70.1 years). Considering the total study population, the prevalence of arterial hypertension was 52.3% (95%CI: 50.5-54.1), 55.8% among women and 47.6% among men (p < 0.001). The prevalence of diabetes mellitus was 19% (95%CI: 17.9-20.4) in the total population and 20.4% among women and 17.3% among men (p = 0.047). Men had a higher proportion of smokers, former smokers and alcohol consumption than women. Regarding anthropometric indices, the mean values of ABSI and WC were higher among men (0.0859m 11/6 kg -2/3 and 97.7cm, respectively), while women had higher mean BMI and WHtR (27.5kg/m 2 and 0.61, respectively). The other variables showed no significant difference between sexes. Table 1 shows the characteristics of the sample according to reports of arterial hypertension and diabetes mellitus. Older adults who reported arterial hypertension and diabetes mellitus had similar characteristics: they were older, mostly women, had lower education, higher proportion of former smoker and lower proportion of current smoker and alcohol consumption, except for diabetics who had a higher proportion of physical inactivity compared to non-diabetics. Table 2 presents the mean values (and standard deviations) of the anthropometric indices according to the diagnosis of arterial hypertension and diabetes mellitus. It was verified that the diseases studied were associated with higher values of all anthropometric indicators considered in the study. Notes: values expressed as mean (standard deviation). p-value: F-test (linear regression). Table 3 presents OR estimates and 95%CI for the association between arterial hypertension, diabetes mellitus and the anthropometric indicators for the unadjusted model and the model adjusted for potential confounding factors. All indices were associated with reports of hypertension and diabetes mellitus among older adults. For both hypertension and diabetes, ABSI had a weaker association with the analyzed outcomes when compared to WC and WHtR, after adjusting for confounding factors (model 2). Adding BMI as an adjustment variable in the ABSI, WC and WHtR models showed an increase in the strength of association only for the ABSI model (model 3). Regarding BMI, the addition of ABSI as an adjustment variable in the model already containing the confounding variables included in the study increased the magnitude of association for hypertension and diabetes (model 4). However, the overlap in confidence intervals should be considered, showing that none of the indicators had superior performance in the association with the outcomes evaluated, when adjusted by other indicators.
Discussion
The results of this study showed significant association between the report of arterial hypertension and diabetes mellitus with higher values of BMI, WC and WHtR in the older Brazilian population in separate analyses when compared to ABSI. When adjusted for BMI, ABSI showed a greater strength of association with the outcomes, but it was not superior to the performance of WC and WHtR in models 2 and 3. It is worth mentioning that this is the first study to evaluate the performance of ABSI, a recently proposed index, in the Brazilian population of older adults, compared to the indices commonly used in the literature.
The use of anthropometric measurements has been useful in public health and in the clinical management of problems related to overweight, mainly because it requires no technological sophistication, uses low-cost tools and is associated with cardiovascular and metabolic outcomes. These advantages also allow the use of these indices in population studies, which involve large-scale evaluations 25 . ABSI is a recently proposed index based on WC, independent of BMI, which can better evaluate the relative contribution of WC to abdominal obesity and clinical outcomes 26 , which makes it potentially useful in the evaluation of populations at risk for cardiometabolic diseases, generating a growing international interest in its performance.
The results of our study are in line with those observed in studies of different populations. Studies conducted in adult rural populations in China 27 and adults and older people in Indonesia 28 showed that ABSI presented a weak association with arterial hypertension when compared to other anthropometric indices. Similarly, in a longitudinal study with Iranians, WHtR and WC were superior in identifying risk of arterial hypertension compared to ABSI 13 . Among Japanese adults, a retrospective cohort study found that compared to WC, ABSI was not a better predictor of diabetes mellitus, hypertension, and dyslipidemia 29 . In China, ABSI was associated with a higher risk of diabetes mellitus, but WC had a better discriminatory power than BMI and ABSI 30 . Additionally, in a study conducted in 14 European countries, BMI and ABSI were weaker discriminators than other anthropometric measures to predict cardiovascular disease mortality among European adults and older people 31 . Our results corroborate these studies, also showing a weak association of ABSI with arterial hypertension and diabetes mellitus in a highly mixed population of Latin American older adults, in comparison WC and WHtR, even when adjusted for BMI. ABSI was proposed as an alternative measure to WC and complementary to BMI, allowing the separate contribution of BMI and adjusted WC to diseases to be determined 26 . However, after adjusting for ABSI, BMI (model 4) did not appear to have a higher association with the outcomes evaluated when compared to the results from the models containing only WC and WHtR and confounding factors (model 2), or the models adjusted by BMI and confounding factors (model 3).
The possible explanations for the weaker association between the diagnoses of arterial hypertension and diabetes mellitus and ABSI in comparison to the other indices have not been clearly established. However, as suggested by other studies 28, 29, 32 , possible reasons for these results are related to ethnic and sex differences, which influence the evaluation of body composition in different populations 33 . Thus, it can be assumed that the regression coefficients for ABSI can be specific to each population group, not having the same performance in other populations. In this sense, Krakauer & Krakauer 14 verified that ABSI was strongly correlated with age and sex, which was confirmed by later studies. Confirming this result, among Chinese adolescents the appropriate exponents to standardize WC in relation to BMI and height, in the ABSI calculation, were different from those proposed in the original formula (0.45 and 0.55, respectively) 34 . In an adult and older Indonesian population, the exponents for the men were similar to those reported for the American population 14 , but for the women these exponents were lower, suggesting that appropriate exponents should be modified, for example, according to sex. However, even using this adaptation, ABSI calculated with these new exponents did not show a greater association with hypertension, when compared to BMI, WHtR and WC 28 , similar to what was observed in the example of our study.
The results of our study on the association of the chronic conditions evaluated with WC and WHtR measurements, even when adjusted for BMI, are consistent with that observed in other popu- Table 3 Association between anthropometric indices and report of arterial hypertension and diabetes mellitus among Brazilian older adults. Brazilian National Health Survey, 2013.
Indices (Z-score)
Odds ratio (95%CI) lations, which tend to present associations of greater magnitude, in comparison to BMI and ABSI. Previous studies have shown that these measurements were superior to BMI because they had a higher correlation with intra-abdominal fat, as well as better risk indicators for mortality, cardiometabolic risk factors and cardiovascular diseases, including arterial hypertension and diabetes mellitus 1, 35, 36, 37, 38, 39, 40 . These results are further corroborated by the evidence that, even though they were classified as having a normal BMI, adult individuals from a cohort of European and Chinese origin with a higher WC had increased risk of cardiovascular disease and premature death 41 . These results seem to demonstrate that the new index does not overcome the limitation observed for WC, regarding the non-inclusion of the individual's height in the estimate. Thus, it is not shown as an adequate predictor of fat concentration in the abdominal region, at least in terms of the association with arterial hypertension and diabetes mellitus.
Among the limitations of this study, its cross-sectional nature should be emphasized because it does not allow the establishment of a temporal relationship between variables, which may have led to skewed interpretations, especially in cases where the existence of chronic conditions may have altered lifestyle habits and, consequently, the body composition of older adults. Another aspect that should be highlighted is the use of self-reported information for chronic conditions, which may have introduced information bias in the study, although previous research has already demonstrated the validity of this method 42, 43, 44, 45 . In addition, the comparability of our results with other studies should consider that only the population of older adults was included, with a higher prevalence of the investigated chronic diseases, while the majority of studies conducted to date included the adult population. Another aspect to be considered is that WC measurements in this study were made at the midpoint between the last rib and the iliac crest, which was different from Krakauer & Krakauer 14 , who measured WC immediately above the iliac crest. However, the association of WC with health outcomes seems to be independent of the measurement protocol 46 , although these differences may still influence the results in some way.
However, even considering these limitations, it should be noted that this analysis was conducted in a large national sample, using standardized procedures for data collection, ensuring its internal validity 47 . This analysis demonstrated ABSI performance, widely discussed in the literature, in a highly mixed population of older adults, contributing to the knowledge of its association with important chronic conditions known to be related to abdominal fat concentration.
Conclusions
In summary, this study quantified, for the first time, the magnitude of the association between the report of arterial hypertension and diabetes mellitus with four different anthropometric indices among Brazilian older adults, including a recently proposed index. Considering the lower strength of association between the new index (ABSI) and the chronic conditions assessed, even after adjustment for BMI and confounding factors, WC and WHtR probably remain as useful indices in public health, at least in relation to arterial hypertension and diabetes mellitus in Brazilian older adults. Additionally, BMI was associated with these conditions, when analyzed alone or adjusted by ABSI, and remains as an index that could be used in the context of these diseases, despite its known limitations. 
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